ABSTRACT Various serine proteases (e.g., trypsin, a-chymotrypsin, Pronase, and subtilisin) stimulate Preparation of 2000 X g Ovarian Pellets. Superovulated rat ovaries, at 7-10 days after priming with pregnant mare's serum gonadotropin and hCG, were used for all experiments. Preparation of the membrane-enriched 2000 X g pellet fraction has been described (3). The final pellet was resuspended in a 10 mM Tris buffer (pH 7.4) containing 1 mM EDTA and 20% sucrose before storage at -70°for adenylate cyclase assays.
adenylate cyclase in a dose-dependent manner. Protease stimulation causes a 6-to 8-fold increase in adenylate cyclase activity, which is comparable to the stimulation observed with human chorionic gonadotropin. Combinations of trypsin plus hormone or trypsin plus NaF stimulate ovarian adenylate cyclase activity to a greater extent than does any one of these alone.
The mechanism of protease stimulation of adenylate cyclase involves limited proteolysis because zymogen precursors fail to activate the cyclase as does trypsin pretreated with trypsin inhibitors. Unlike cholera toxin, the serine protease stimulation is immediate (within the first 5 min) and requires no additional factors (e.g., NAD+). It is unlikely that protease stimulation of adenylate cyclase results from a proteolytic modification of the hormone receptor on the cell surface, because of the additive effects noted above and because protease stimulation is also observed in ovaries desensitized to hormone that lack this hormone receptor. Results with Lubrol-treated membranes also suggest that proteolytic enzymes do not directly activate the catalytic subunit of the cyclase or unmask new catalytic sites because the protease effect (like hormonal stimulation) is abolished by the detergent, whereas fluoride stimulation is enhanced. Other data suggest that serine protease and chorionic gonadotropin stimulation of adenylate cyclase result from activation ofa membrane protease that then regulates adenylate cyclase in the ovary.
Previous studies have demonstrated specific binding of human chorionic gonadotropin (hCG) to the gram-negative bacterium Pseudomonas maltophilia (1) . We subsequently isolated a protein (molecular weight -40,000) from the bacterial culture medium that stimulated adenylate cyclase in a membraneenriched fraction of superovulated rat ovaries (2) . Further characterization revealed that the bacterial protein had the properties of a serine protease. In the present study we Preparation of 2000 X g Ovarian Pellets. Superovulated rat ovaries, at 7-10 days after priming with pregnant mare's serum gonadotropin and hCG, were used for all experiments. Preparation of the membrane-enriched 2000 X g pellet fraction has been described (3) . The (Fig. 2) . Unlike cholera-toxin, which has a 20-to 30-min lag phase, a lag phase of less than 5 min was found with hCG and serine proteases, and adenylate cyclase activity was linear for at least 50 min. In contrast to cholera toxin activation of adenylate cyclase (9), addition of 1 mM NAD+ did not affect the time course or the degree of stimulation observed with hCG or the serine proteases.
Effect of Other Serine Proteases on Ovarian Adenylate Cyclase. Fig. 3 shows the effect of other bacterial and mammalian serine proteases on ovarian adenylate cyclase activity. Enzyme concentration, jig/mi FIG. '3. Increasing concentrations of serine proteases or the zymogen precursors of these proteases were incubated in the adenylate cyclase assays described (Fig. 1 legend) Inhibition of 125I-hCG Binding by Serine Proteases. Previous studies by Kono (10) and Kono and Barham (11) suggested that the insulin-like effects of trypsin may result from proteolytic modification of the insulin receptor on the fat cell membrane. To determine whether the serine -proteases stimulate adenylate cyclase by a similar specific interaction with the hCG receptor in the ovary, a competition experiment was performed. The results (Fig. 4) show that-all the serine proteases that actively stimulate adenylate cyclase inhibit 125I-hCG binding to the 2000 X g ovarian pellet in a similar manner. The inhibition of binding is not due to proteolytic digestion of the labeled hormone because the same results were obtained when the ovarian pellet was preincubated with trypsin followed by addition of LBTI (100,gg/ml) to (Fig. 1 legend) alone or in the presence of hCG (2 ,jg/ml), trypsin (5 tg/ml), a-chymotrypsin (5 ttg/ml), or NaF (20 mM Trypsin, pg/mI FIG. 6. Increasing concentrations of trypsin were added to the adenylate cyclase incubations alone (0) or together with maximal stimulatory doses of hCG (2 ,g/ml) (x) or NaF (20 mM) (0) to determine the effect of trypsin on hormonal and fluoride stimulation of adenylate cyclase. Incubations were for 20 min at 300. At trypsin concentrations of 200 gg/ml (data not shown), all activities were below basal (i.e., cyclase activity of the membrane preparation in the absence of stimulators). Each data point represents the mean of triplicate assay tubes. not responsive to hormonal stimulation. Adenylate cyclase can be stimulated, however, by agents, such as NaF, that directly activate the solubilized catalytic subunit of the enzyme (for review, see ref. 13 ).
The results ( (14) .
An alternative mechanism for serine protease stimulation of adenylate cyclase could involve activation of a membrane protease which then stimulates the cyclase. There is increasing evidence that lectin-induced blastogenesis in lymphocytes is mediated by membrane proteases (17) (18) (19) . Recent studies (20) 
